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Introduction 
 

São Paulo is a large city with a remarkable industrial and economic strength. 
In consequence of its economic dynamics and also the high population density - more 
than 10 million people live within the urban area (IBGE, 2000) - the population faces 
serious environmental problems. For example, it presents one of the highest air 
pollutants concentration levels in the world.  

Several studies have reported significant associations between urban 
concentrations of air pollution and all cause mortality, cardiovascular mortality, and 
respiratory mortality or more specific causes such as pneumonia and chronic 
obstructive pulmonary disease. (Saldiva et al. 1994, Saldiva et al. 1995; Lin et al. 
1999; Braga et al. 1999; Gouveia and Fletcher, 2000b; Braga et al. 2001; Conceição 
et al. 2001). Studies have provided evidence of positive associations between air 
pollution and several mortality causes, suggesting that fine particular matter (PM10) is 
the most harmful pollutant for human health. Pollutants such as sulfur dioxide (SO2), 
nitrogen dioxide (NO2) and ozone (O3) have also been related to health events. 
(Pereira et al. 1998, Gouveia and Fletcher, 2000b; Conceição et al. 2001; Braga et al. 
2001). 

Respiratory morbidity studies have also been performed using different health 
indicators to relate air pollution with several diseases. (Gouveia and Fletcher 2000a; 
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Martins et al. 2002). The most common indicators or health outcomes (endpoints) are 
hospital admissions, emergency room visits, measurements of pulmonary function, 
respiratory symptoms, medicine intake, and school absenteeism.  

Automotive exhaust gases derived from a blend of gasoline plus 20% of 
ethanol, ethanol and diesel vehicles dominate air pollution in São Paulo. For example, 
private cars were responsible for 75% of carbon monoxide (CO), 73% of 
hydrocarbons (HC), 23% of nitrogen oxides (NOx) and 10% of particulate matter 
(PM) emissions in 1997 in São Paulo (Ferraz and Seroa da Motta, 2001). 
Furthermore, given its geographic characteristics, São Paulo is subject to thermal 
inversions that can lead to increasing accumulation of atmospheric pollutants. 
(Saldiva et al., 1995). 

 In order to reduce air pollution levels in Brazilian urban areas, the government 
implemented in 1986 the Vehicle Air Pollution Control Program (Proconve), 
establishing emission standards for new vehicles produced in or imported to Brazil. 
The program considered automotive vehicles in three segments3 and for each group, a 
specific adjustment schedule was established. According to Ferraz and Seroa da 
Motta (2001), the adjustment schedule considered three phases. Phase one was 
implemented gradually between 1988 and 1991 with specific adjustment schedules for 
some car models that were allowed a six-month period of adjustment. Phase two 
started with the limits imposed for 1992 until 1997. The third phase started in 1997 
aiming to induce manufacturers to apply the best technology available for emission 
control. The Proconve protocol was successfully implemented from 1988 to1997 and 
the average emission levels decreased considerably, as can be seen in Table 1-Annex.  

 As a consequence of the induced emission levels reduction observed between 
1988-1997 it is believed that the Proconve programme contributed to avoid a 
considerable number of disease occurrences and deaths in São Paulo during that 
period and later. The epidemiological literature suggests that the reduced exposure to 
pollutants should have reduced the number of respiratory and cardiovascular deaths, 
hospital admissions and other health outcomes.  

The monetary evaluation of these health effects is an essential input to the 
cost-benefit analysis of the Proconve programme implementation, since the health 
effects seem to correspond to the major component of the benefits of that programme. 
Valuing health benefits associated with air pollution require site-specific parameters 
that demand a great effort of research and data collection. As an alternative to survey 
methods, benefit transfer functions are considered as a methodological shortcut to 
apply willingness to pay (WTP) based estimates from one specific area to another 
study area. (Brower, 1998; Seroa da Motta, Ortiz and Ferreira, 1999). 

The objective of this study is to present estimates of transferred morbidity and 
mortality health benefits associated with air pollution in São Paulo due to the 
Proconve program. The estimates are benefit indicators for cost-benefit analysis of the 
Proconve implementation in Brazil, which contributed to control air quality and the 
consequent health outcomes in São Paulo. 

The next section presents a brief literature review of the valuation methods 
and issues arising in health/risk valuation. Following that, our methodological 
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procedures and results are presented. In our concluding section, we discuss the 
divergences of the results and their implications for cost-benefit analysis. 

 

Literature Review 

 

In the context of risks to death (mortality) associated with air pollution, 
several social costs and benefits are associated with policymaking and regulation, the 
most important of these benefits being the reduction in probabilities of premature 
death among the population exposed to pollutants. The success of risk management 
policies is, arguably, judged in terms of their effect on individuals’ expected utility. In 
order to allow reliable cost benefit analysis, it is necessary to estimate as accurately as 
possible how individuals value the changes in their probabilities of death caused by 
certain environmental policies or programmes, like the Proconve program. 

The purpose of estimating the value of a statistical life (VSL) is to provide 
some basis for policy making involving social decisions. The value of a statistical life 
is a convenient figure for evaluating policies that reduce risk of death and is 
represented as the total willingness to pay for the policy that results in one less death 
in the population. Johansson (1995) defines the value of a statistical life as the 
aggregate willingness to pay for a measure saving a number of lives divided by the 
number of lives saved. Alternatively, the value of a statistical life is given by the 
mean, over the affected individuals, of their marginal rates of substitution between 
income and risk. 

Willingness to pay in the context of risks to life is defined as “the breakeven 
payment, per unit reduction in the probability of death, that leaves an individual’s 
overall expected utility unchanged.” (Shepard and Zeckhauser 1982). In a more 
general context, the willingness to pay for an specific good or service is the sum of 
the amount of money individuals spend on the good or service plus the consumer 
surplus measure associated to the consumption of this good or service. 

Researchers have identified two alternative general approaches for valuing the 
benefits of lifesaving activities, including environmental programmes that reduces 
risks of death: the Human Capital approach and the Willingness to Pay approach 
(Cropper and Freeman 1991; Shepard and Zeckhauser 1982; Berger et al. 1994; 
Johansson 1995). The first approach, the Human Capital, estimates measures of the 
economic productivity of the individual whose life is at risk. It uses an individual’s 
discounted lifetime earnings as its measure of value, assigning valuations in direct 
proportion to income. The Willingness to Pay approach assumes that the preferences 
of individuals can be characterised by substitutability between income and safety, that 
is, individuals make trade-offs among consumption and goods or services that 
increases their safety. These trade-offs reveal the values individuals place on their 
safety or on the reduction on the risks of death 

The Human Capital approach has the appeal of being easy to use but some 
ethical issues make it debatable, with several issues arising when implementing this 
simple approach to value individual’s risks of death. The most important concerns the 
choice of a discount rate to calculate the present value of individual’s future earnings. 
The Human Capital value of young people would be particularly sensitive to the 
discount rate utilised. Because of discounting and the time lag before children become 
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productive participants in the labour market, the Human Capital approach places a 
much lower value on saving children’s lives compared with saving adults’ lives, who 
are in the labour force. Furthermore, all the differences in the labour market structure 
are reflected in the Human Capital approach: because of earning differences among 
individual of different gender and race, the Human Capital approach values saving the 
lives of women and nonwhites less than saving the lives of adult white males. Also, 
this approach assigns no value to retired or totally disabled people lives. 

 Cropper and Freeman (1991) elicit some criticism of the Human Capital 
approach as provider of an approximated measure to the desired willingness to pay 
measures for small reductions in the risk of death. They argue that the most important 
criticism of the Human Capital approach is the inconsistency with the premises of 
welfare economics: it is each individual own preference that counts for establishing 
the economic values used in cost-benefit analysis. All the above issues suggest that 
Human Capital measures are poor proxies for the willingness to pay measure for 
small changes in the risk of death. It does not reflect the probabilistic nature of death 
and individuals’ different attitudes towards risks. 

The Willingness to Pay approach has its basis in the assumption that changes 
in individuals’ economic welfare can be valued according to what they are willing 
(and able) to pay to achieve that change. According to this assumption, individuals 
treat longevity like other consumption good and reveal their preferences through the 
choices that involve changes in the risk of death and other economic goods whose 
values can be measured in monetary terms. That is, in many situations individuals act 
as if their preference functions included life expectancy or the probability of death as 
arguments, and make a variety of choices that involve trading off changes in their risk 
of death for other economic goods. When what is being changed can be measured in 
monetary terms, the individual willingness to pay is revealed by these choices, which 
are the basis of the economic value of reductions in the risk of death. 

The focus of the Willingness to Pay approach rely on the individualistic 
dimension of human behaviour, which means that the expressed willingness to pay to 
reduce the probability of death refers to individual’s own risk. The underlying 
assumption is that individuals are the best judge of their own welfare and even in 
matters including life and death, individual preferences must be considered. Thus, the 
willingness to pay measure is a reasonable one for using in cost-benefit analysis. 
However, because the probability of surviving is a normal good, income differences 
rather than preferences can explain some of the variance in willingness to pay 
estimates. 

 In the health economic literature, some methods for empirical estimation of 
willingness to pay measures have been utilised, each providing a means to derive 
Hicksian measures for individuals making trade-offs between risks to life and health 
and other consumption goods and services. These methods are the Compensating 
Wage, the Contingent Valuation, the Hedonic Price (or Hedonic Property Value), and 
the Averting Behaviour method. 

 According to Kuchler and Golan (1999), the Compensating Wage method is 
the predominant empirical approach to assess willingness to pay for risk reductions. It 
uses the labour market data on wage differentials for jobs with health risks and 
assumes that workers understand very well the workplace risk involved and the 
additional wage workers receive when they undertake risky positions reflect risk 
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choice. In other words, the Compensating Wage approach relies on the assumption 
that workers will accept exposure to some level of risk in return to some 
compensation. In general, it is estimated a hedonic wage function where wages are 
specified as a function of personal characteristics of the worker – income, age, sex, 
education, and health status - and the characteristics of the job. Among the latter, the 
fatality risk level of the job, benefits paid in case of injury on the job and benefits in 
the event of fatal accident can be cited as examples. 

Compensating Wage models are consistent with the Willingness to Pay 
approach in the sense that they recognise that individuals have unique preferences 
over risky alternatives and that they have opportunities to reduce risks, depending on 
their labour skills. These models postulate that part of the differences in risk 
preferences is systematic and depend on objective and measurable individual 
characteristics. 

 Contingent Valuation is a survey method in which respondents are asked to 
state their preferences in hypothetical or contingent markets, allowing analysts to 
estimate demands for goods or services that are not traded in markets. In general, it is 
drawn a sample of individuals who are asked to imagine that there is a market where 
they can buy the good or service evaluated. The individuals state their individual 
willingness to pay for a change in the provision of the good or service, or their 
minimum compensation (willingness to accept) if the change is not carried out. Socio-
economic characteristics of the respondents – gender, age, income, education etc – 
and demographic information are obtained as well. If it can be shown that individuals’ 
preferences are not random, instead vary systematically and conditioned to some 
observable demographic characteristics, then population information can be used to 
forecast the aggregate willingness to pay for the good or service evaluated. The 
Contingent Valuation Method has been widely used for estimating environmental 
benefits in particular. 

There is a large body of knowledge on the method’s advantages and 
disadvantages (Mitchell and Carson 1989). The central problem in a Contingent 
Valuation study is to make the scenario sufficiently understandable, clear and 
meaningful to respondents, who must understand clearly the changes in characteristics 
of the good or service he or she is being asked to value. The mechanism for providing 
the good or service must also seem plausible in order to avoid scepticism that the 
good or service will be provided, or the changes in characteristics will occur. 

 The most serious problem related to Contingent Valuation studies may be the 
fact that the method provides hypothetical answers to hypothetical questions, that 
means no real payment is undertaken. This fact may induce the respondent to 
overlook his or her budget constraint, consequently overestimating his or her stated 
willingness to pay. Another criticism refers to the fact that researchers can not know 
for sure that individuals would behave in the same way in a real situation as they do in 
a hypothetical exercise. 

 The Hedonic Price model provides the basis for deriving welfare measures 
from observed differences in properties’ prices. The method is based on the 
assumption that house characteristics yielding differences in health risks across 
houses should be reflected in property value differentials. Like wages are higher in 
risky occupations to compensate workers for their increased risks to life, property 
values may be lower in areas where lives are in risk to compensate residents for their 
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Table 4 – Total  Health Expenditures (HE) Associated with Air 
                 Pollution in São Paulo (1999 US$) 

     
   RESPIRATORY MORBIDITY  

age brackets Hospital work days Monthly  HE 
in years Expenditures Lost Average income  

0-4 9,402,352.05 0.00 0.00 18,804,704.10 
> 65 5,721,452.48 51,862.00 473.50 13,080,011.07 

     
  HEART FAILURE MORBIDITY  

age brackets Hospital work days Monthly  HE 
in years Expenditures Lost Average income  

0-4 1,829,545.21 0.00 0.00 3,659,090.41 
> 65 42,616,134.41 127,757.00 473.50 89,265,120.73 

Sources: Hospital expenditures and work days lost from DATASUS and income data from IPEA  
 

 

Results 
 

 An epidemiological study conducted in São Paulo estimated the number of 
avoided deaths attributable to the Proconve program between 1997 and 2000 and the 
number of avoided hospital admissions due to respiratory problems. The values were 
estimated by age considering children and old people and different dose-response 
functions were utilised for accounting the number of occurrences attributable to 
different pollutants in São Paulo. Table 5 shows the estimates. 
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Table 5: Avoided Events due to the Proconve Programme 
               São Paulo 

  Total Events Events attributable to air 
pollution 

Avoided 
Events  

  1991-1994 1997-2000 1991-1994 1997-2000 
Morbidity       
Respiratory  0-2 99,581 80,232    
Admissions PM10   10,756 6,712 4,044 

 SO2   8,865 6,341 2,524 
 CO   7,902 3,372 4,530 
       
 >64 42,640 30,412    
 PM10   2,038 1,133 905 
 SO2   1,184 752 432 
       

Mortality       
 Fetal 12,565 11,250    
 NO2   2,945 1,525 1,420 
       
 >64      
 Total 182,320 215,402    
 PM10   9,973 9,175 798 
 SO2   11,513 12,091 -578 
 CO   8,923 5,621 3,302 
       
 Respiratory 26,603 31,110    
 PM10   2,642 2,395 247 
 SO2   1,575 1,638 -63 
       

Cardiovascular 88,019 99,581    
 SO2   3,301 3,324 -23 
 CO   3,636 2,197 1,439 
       

Source: FMUSP (IES Project)  
 

 Once we have obtained the number of avoided events corresponding to the 
pollution reduction resulting from the Proconve programme, the benefit estimation 
was produced by multiplying the number of occurrences by the corresponding 
economic value. In order to avoid several different estimates we have chosen the 
transferred USEPA value to account for the total health benefit of the Proconve 
programme, and the transfer factor 1 that does not consider life expectancy and total 
health expenditures. It must also be considered that our benefit values were calculated 
for 1999 whilst the avoided events occurred between 1997 and 2000. Table 6 
summarises our estimates of health benefits associated with the Proconve 
implementation in São Paulo. 
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Table 6: Health Benefit Values Associated with the Proconve Programme  
               São Paulo (1999 US$) 

      
  Avoided Events Health Benefit 
  0-2 years > 64 years 0-2 years > 64 years 

Morbidity      
Respiratory     Transfer Pricing  (Factor 2)(a) 

Admissions PM10 4,044 905 3,355,659.74 750,957.48 
 SO2 2,524 432 2,094,383.08 358,468.10 
 CO 4,530 -- 3,758,936.35 -- 
 Totals 11,098 1,337 9,208,979.17 1,109,425.59 
      
    Health Expenditures 
 PM10 4,044 905 5,594,513.60 2,155,391.48 
 SO2 2,524 432 3,491,729.06 1,028,871.96 
 CO 4,530 -- 6,266,851.29 -- 
 Totals 11,098 1,337 15,353,093.95 3,184,263.44 
      

Mortality    Transfer Pricing  (Factor 2)(a) 

 NO2 1,420 -- 819,685,515.84 -- 
 PM10 -- 798 -- 460,640,170.17 
 SO2 -- -578 -- -333,646,639.55 
 CO -- 3,302 -- 1,906,057,446.00 
 Totals 1,420 3,522 819,685,515.84 2,033,050,976.62 
      

Source: Authors estimation 
(a) Central Values used for benefit transfer (USEPA) 
 

 As can be seen in Table 6, the health benefit of reducing air pollution in São 
Paulo during 1997 and 2000 – considering USEPA transferred values - was around 
US$ 2.8 billion in that period. If other transferred values were considered the total 
benefit would be different, since the value of statistical life (VSL) estimated by 
USEPA is different of the same estimates considered in Europe and Canada, and also 
because the mortality values correspond to the main share of total benefits (Table 6.1 
- Annex). The same estimate variation would be observed if we have considered the 
transfer factor 1, that does not use life expectancy and total health expenditures as a 
percentage of GDP in both regions involved. It means that benefit transfer exercises 
may result in a wide range of results, depending on the parameters involved in the 
benefit function used. 

 

Conclusions 
 

The Vehicle Air Pollution Control Programme (Proconve) established 
emission standards for new vehicles in Brazil since 1986. It is believed that the 
Proconve programme contributed to avoid a considerable number of disease 
occurrences (morbidity) and deaths (mortality) in São Paulo as a consequence of the 
induced emission levels reduction observed between 1988-2000. The monetary 
evaluation of these health effects is an essential input to the cost-benefit analysis of 
the Proconve programme implementation, given that the health effects correspond to a 
major part of the benefits of that programme. 
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Valuing health benefits associated with air pollution require site-specific 
parameters that demand a great effort of research and data collection. We have 
discussed the several alternative methods and approaches used by environmental 
economists to estimate willingness to pay measures to avoid health outcomes from air 
pollution. As an alternative to rather expensive survey methods, benefit transfer was 
used as a methodological shortcut to apply willingness to pay based estimates from 
three specific areas (USA, Canada and Europe) to Brazil. These values are 
preliminary estimates of health benefits to be considered for cost-benefit analysis of 
policies that aim air pollution reduction, as the Proconve Programme. 

The estimates varied from a range of US$ 2.86 – 3.98 billions depending on 
the transferred values used, USEPA and ExternE, respectively. These are the most 
common reference values of health outcomes used for policymaking by 
environmental economists. It must be observed that these estimates can be 
considerably higher if a different benefit transfer function was used, which does not 
consider life expectancy and public health expenditures differentials between both 
regions. 
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Annex 

 

Table 1: Average Emission Level for New Automobiles in Brazil 
Year Fuel type CO (g/km) HC (g/km) NOx (g/km) 

Prior to 1980 Gasoline 54 4.7 1.2 
1986 – 1987 Gasoline 22 2.0 1.9 
 Ethanol 16 1.6 1.8 
1988 Gasoline 18.5 1.7 1.8 
 Ethanol 13.3 1.7 1.4 
1992 Gasoline 6.2 0.6 0.6 
 Ethanol 3.6 0.6 0.5 
1997 Gasoline 1.2 0.2 0.2 
 Ethanol 0.9 0.3 0.3 
Source: Ferraz and Seroa da Motta (2001) 

 

Table 6.1: Health Benefit Values Associated with the Proconve Programme  
               São Paulo (1999 US$) 

      
  Avoided Events Health Benefit 
  0-2 years > 64 years 0-2 years > 64 years 

Morbidity      
Respiratory     Transfer Pricing  (Factor 2)(a) 

Admissions PM10 4,044 905 8,217,130.45 1,838,897.89 
 SO2 2,524 432 5,128,594.77 877,794.35 
 CO 4,530 -- 9,204,649.10 -- 
 Totals 11,098 1,337 22,550,374.33 2,716,692.24 
      
    Health Expenditures 
 PM10 4,044 905 5,594,513.60 2,155,391.48 
 SO2 2,524 432 3,491,729.06 1,028,871.96 
 CO 4,530 -- 6,266,851.29 -- 
 Totals 11,098 1,337 15,353,093.95 3,184,263.44 
      

Mortality    Transfer Pricing  (Factor 2)(a) 

 NO2 1,420 -- 1,136,366,066.54 -- 
 PM10 -- 798 -- 638,605,719.09 
 SO2 -- -578 -- -462,549,004.55 
 CO -- 3,302 -- 2,642,451,233.61 
 Totals 1,420 3,522 1,136,366,066.54 2,818,507,948.15 
      

Source: Authors estimation 
(a) Central Values used for benefit transfer (ExternE) 
 

 


